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When the eyes are blinked or opened and closed, involving ver-
tical movements of the eyes, potential changes can be cobtained from
neighboring structures. Recorded by an electroencephalograph
from frontal leads or leads close to the orbit they appear as two to
four per second flat-topped waves having an amplitude of about 150
microvolts. This is a well-known phenomenon in electroencepha-
lography; the nature of these potentials has been a subject of some
investigation.
Lyman2 reviewed the literature on the subject and studied by
means of the Grass electroencephalograph such blink waves and
waves produced by other eye movements in patients with cerebral
disease. Mowrer, Ruch, and Miller' showed that galvanometric
deflection associated with eye movements are due not to the action
potentials of eye muscles, but are due to the potential difference
between cornea and retina; such potentials are recorded most favor-
ably when the optical axis is brought in line with the leads. The
potential changes accompanied passive movements of the eyeballs in
deeply anesthetized cats but disappeared when the retina was
destroyed with chromic acid. Miles3 investigated the problem ofthe
resting eye potential in man and added experimental dbservation
on its modification by pressure, movement, and illumination. In a
study of nine patients with unilateral enucleations and artificial eyes,
Miles4 explored the potential of the single eye. We have investi-
gated the nature of electrical potentials following eye movements
in 40 patients with various injuries and diseases of the eye, eyelid,
and orbit.
Method
Patients: Our observations were carried out on 40 patients with various
injuries and diseases of the visual apparatus. The list of diagnoses follows:
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Unilateral traumatic anophthalmos (operative enucleation, i.e., removal
of the bulb): 16;
Unilateral traumatic anophthalmos (operative evisceration of the 'bulb,
i.e., removal of all contents inside the sclera): 10;
Bilateral evisceration: 1;
Bilateral enucleation: 1;
Unilateral complete destruction of orbit and eyelids, and anophthalmos:
2;
Primary peripheral facial paralysis with lagophthalmos: 2;
Unilateral optic atrophy with amaurosis: 2;
Unilateral avulsion of the optic nerve: 2;
Unilateral traumatic chorioretinitis: 2;
Unilateral optic neuritis, cause unknown: 2.
Technic: The electrical potentials from eye blinks and other eye move-
ments were recorded with the help of the Grass electroencephalograph, Model
2A. Electrode jelly was applied to the skin half an inch vertically above and
below the orbit and solder electrodes were fastened over these areas with
adhesive tape. Push-pull recording was used; the ampli6cation varied and
was kept low enough to 'permit recording of the whole waves.
Examnation: Records were made routinely during the following
maneuvers:
1. A record with eyes closed;
2. A record with eyes open to observe spontaneous blink waves;
3. Fast and slow voluntary 'blinks;
4. Eye.movements in all directions and eye rolling;
5. Pressure on the eyeball, (10 patients);
6. Passive eye movements in 5 patients with conjunctiva anesthetized;
7. Eye blinking in daylight and in complete darkness, (10 patients);
8. Optokinetic nystagmus produced by rotating a black and white striped
drum in front of the patient.
Observations
Blink waves of patients with normwl visual apparatus: These
blink waves are two to four per second sinusoidal waves with an
amplitude of 60 to 150 microvolts. They are regular, smooth,
and differ radically in their appearance from muscle potential dis-
charges (Fig. 1). There is some difference between the potentials
following slow or weak blinks and fast and strong blinks. Spon-
taneous and voluntary 'blinks do not differ.
Blink waves of patients with unilateral anophthalmos (enuwlea-
tions and eviscerations): The potentials on the anophthalmic side
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were either completely absent or almost absent (Fig. 2). In two
patients with complete unilateral destruction of one orbit, eyelid,
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Normal eye findings. Supra-obital and infra-orbital leads. Voluntary blinking with
eye potentials of both eyes.
and eyeball therewas no trace of anyelectricpotential on the affected
side. In onecase ofbilateral enucleation and in one case of bilateral
evisceration no blink waves were observed on either side.
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Traumatic anophthalmos. Operative enuckation. Supra-orbital and infra-orbital leads.
Potentials from voluntary blinking. Absence of blink waves on anophthalmic side.
Blink waves of patients with optic neuritis and chorioretinitis:
The electrical changes following eye blinking on the affected side
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in these patients did not differ from the normal; normal blink waves
are obtained even in the complete absence of light perception.
Electrical discharges followzing eye movements: Lateral and
vertical spontaneous and voluntary eye movements result only in
rather small deflections, as recorded by the Grass electroencephalo-
graph. These potentials are identical with those obtained when the
eyeball was passively moved with a forceps. Potentials after eye-
rolling are very similar to slow blink waves (Fig. 3).
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Evisceration of left eye because of massive injury. Supra-orbital and infra-orbital leads.
Eye rolling with absence of potentials on eviscerated side.
In patients with evisceration of the eyeball no potentials after
active or passive eye movements could be observed. In patients
with optic neuritis and chorioretinitis, potentials from eye move-
ments are normal.
Pressure on the normal eyeball produced a blink-like electrical
discharge. When an eviscerated eye was pressed, no changes of
the electrical potentials were observed.
The blink waves recorded in daylight and in complete darkness
are identical. No electrical phenomena could be recorded with the
Grass electroencephalograph by eliciting optokinetic nystagmus with
a horizontally rotating drum.
Discussion
The absence of electrical discharges from eye blinks on the
anophthalmic side in patients with eviscerations and enudeations was
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noted. In patients with eviscerations of the eyeball, no changes of
electrical potential due to movements of the eye could be recorded.
These findings are consistent with the observations of Mowrer,
Ruch, and Miller5 who noted disappearance of the eye potential due
to passive movement after destruction of the retina.
Our observations corroborate the thesis that the discharges after
eye iblinks, eye movement, and pressure on the bulbus are not due
to muscular action currents. They are due to changes in the
recorded corneo-retinal potential difference induced by movement
of the eyes in relation to the electrodes. After evisceration or enu-
cleation this potential is eliminated and no movement or blink effects
can be observed. In some patients with eviscerations and enuclea-
tions very small potentials were still present on strong blinking
movements, which is in agreement with the quantitative findings of
Miller. Lyman2 suggests that these are due to potential differences
of the posterior surface of the eyelid and the tisue of the orbit. It
is noteworthy that in patients with severe diseases and injuries of
the retina and optic nerve, blink waves persisted even when light
perception was absent. The blink waves recorded in daylight and
in complete darkness are identical. This proves that the changes
of the resting eye potential caused by movement or pressure on the
eye do not depend upon illumination. However, when the retina
is not present, as in eviscerations, no blink waves occur. There is,
therefore, no clear indication of the source within the retina of the
corneo-retinal potential.
From our own observations, as well as from Lyman's work,2 it
seems that the electroencephalograph is a suitable instrument to
record eye movements. For the recording of slight eye movements,
e.g., fine nystagmus, the electroencephalograph is not indicated
because it is not sensitive enough. In contrast to Lyman, we are
una;ble to see any practical clinical significance in the described
method of recording eye movements.
The striking similarity of slow eye blinks and the slow com-
ponent of the petit mal discharge must be noted. The spike of the
petit rial discharge is actually synchronous with a clonus of eye and
facial muscles (Gibbs and Gibbs'). Subclinical petit mal discharges,
however, are not accompanied by eye blinks or facial clonus; this
proves that eye blinks per se cannot be responsible for these slow
petit mal discharges.
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Summary
Electric discharges from various active and passive movements
of the eye were examined in 40 patients with various injuries and
diseases of the eye.
The method consisted in taking off the bio-electric current from
leads fastened vertically above and below the eye. The electric
discharges were recorded with the Grass electroencephalograph.
The movements examined included active and passive move-
ments, blinking, pressure on the eyeball, and nystagmus. The
electroencephalograph proved to be a suitable, although not a very
sensitive instrument for recording eye movements. Typical poten-
tials after blinking and other eye movements could be obtained
from normal eyes and from blind eyes due to optic nerve disease
and retinopathles. They could not be obtained on the affected side
in patients with enucleations and eviscerations.
Potentials from blinking and eye movements in daylight and
in complete darkness were identical. The thesis that the changes
in the electrical field around the eyes during their movement are
not due to muscular action currents but are connected with corneo-
retinal eye potentials (Mowrer, Ruch, and Millere) is corroborated.
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